Mapping and Quantification of Vascular Branching in Plants, Animals and Humans 

by VESGEN Software 


Humans face daunting challenges in the successful exploration and colonization of space, including 
adverse alterations in gravity and radiation. The Earth-determined biology of plants, animals and humans 
is significantly modified in such extraterrestrial environments. One physiological requirement shared by 
larger plants and animals with humans is a complex, highly branching vascular system that is dynamically 
responsive to cellular metabolism, immunological protection and specialized celluiar/tissue function. 
VESsel GENeration (VESGEN) Analysis has been developed as a mature beta version, pre-release 
research software for mapping and quantification of the fractal-based complexity of vascular branching. 
Alterations in vascular branching pattern can provide informative read-outs of altered vascular regulation. 
Originally developed for biomedical applications in angiogenesis, VESGEN 2D has provided novel 
insights in lo the cytokine, transgenic and therapeutic regulation of angiogenesis, lymph angiogenesis and 
other micro vascular remodeling phenomena. Vascular trees, networks and tree- network composites are 
mapped find quantified. Applications include disease progression from clinical ophthalmic images of the 
human retina; experimental regulation of vascular remodeling in the mouse retina; avian and mouse 
coronary vasculature, and other experimental models in vivo . We envision that altered branching in the 
leaves of plants studied on 155 such as Arabidopsis ihaliana cans also be analyzed, 
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VESGEN Patent Pending 


at Lewis Field 





Vascular Alterations, Immunosuppression & Bone Loss: 
NASA-defined risk categories for human space exploration 



VESGEN 2D 

APPLICATIONS 


Vascular Trees 

Human Retina 
Avian CAM, Yolksac and Murine/Avian Coronary Vessels 

Plant Leaf Venation such as in Arabidogsis thaliana? 

Vascular Networks 

Mouse Postnatal Retina and Intestinal Inflammation 

CAM Lymphatic Vessels 

Vascular Tree-Network Composites 

Normal and Abnormal Embryonic Coronary Vessels 




Glenn Research Center 
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Vascular Structure 

Image Specification 

Preferences 

VESCEN Tools 

Thumbnails ► 


Vascular Tree 




Tl 




Panel to specify 
vessel type 


Main panel 

• Image specification 

• Algorithm selection 

• Process initiation 


VESGEN Patent Pending 


Vascular Structure Image Specification Preferences VESCEN Tools ► 


Current View VascularTree 


Specify or Modify a(n): 


ROI Image 


By Apply ;ing this process: Multiple Vessel (interactive) 


— — : 0 As Full Refresh from Input Image 

I, Create Generations: ) 

With Selected Images 


Analysis Image(s) — Outputs 
Generations Image 
Branches 


Microscope Calibration Factor (Magnification) in microns/pixel 2.754 


( Run Output Statistics ) ( Save All ( Reset Ul ) 
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Required Images for Analysis 

— Inputs 


Input Image 

8DP 122006A PI TM BN AH.tif 

x 

) 

ROI Image 

8DP 122006A PI TM BN AH_4ROI.tif 


Skeleton 

8DP 122006A PI TM BN AH_#SKEL.tif 

) 

Distance Map 

8DP 122006A PI TM BN AH_#DM.tif 

! 

Trimmed Skeleton 

8DP 122006A PI TM BN AH _#TRM.tif 



8DP 122006A PI TM BN AH_lGEN.tif 
8DP 122006A PI TM BN AH_#BRCH.tif 


Mapping and Quantification of Microvascular 
Remodeling and Angiogenesis by VESGEN 


Molecular Regulation Avian CAM 


Transgenic Mouse 
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Cells in Vitro 
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4. Humans 


common carotid artery 
jugular vein 
subclavian vein 
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FRACTAL 


VESGEN Hypothesis: ‘Signature’ Vascular Patterns 



The form of an object is a 'diagram of forces' 
- D’Arcy Thompson 



FGF-2 as a Simple Stimulator 
(Fibroblast Growth Factor-2) 



Arterio Scler Thromb Vase Biol 20 2000 



VEGF as a Complexity Factor 

(Vascular Endothelial Growth Factor-2) <5 

Q 



Microvascular Research 72(3) 2006 



TGF-|31 as a Simple Inhibitor 
But Complex Potentiator 
(Transforming Growth Factor- (51) 
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Concentration 


Microvascular Research 59(2) 2000 
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Diameter 



Long-Term Hypothesis 


Vascular pattern provides an integrative read-out of dominant 
molecular regulators in complex signaling pathways of 
angiogenesis and microvascular remodeling 


VESsel GENeration (VESGEN) Analysis Software 

Vessel Number Density, N v 

Vessel Length Density, L v 

Vessel Diameter, D v 

Fractal Dimension, D f 

Branchpoint + Endpoint Densities, Br v +E v 
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TA (8 ng/CAM) Quail CAM Control 


Clinical Steroid (TA) Treatment in CAM Vascular Tree 




If BIODIVERSITY WERE AM OlYMPtC SPORT 
life on land would tike home the gold ml the 
sea might not even erter a team. Gnat the v*i- 
ne&s of the oceans and the length of lane kfehaa 
thrived tiers, you mqgit expect manne specmi 
to oulnuntier Terrestrial ones. \H me rubes 
aside ipward of nate in 10 species crowd mto 
the 30* «of Earth \ surface tint '* dry. 

Ii wasn't always that way. say Richard 
Groaberg and Geer* Yermeij. These 
researcher* from tie Ur* versify of Caltbnrua 
(UC). Davts, have been studying land and 
ocean fealties to understand how evolution 
proceeds in these two realms. At a recent 
meeting.* they argued that tie difference in 
drversiy sarvceri phenomenon 

Back >i the Devoraan period, 400 rralxxi 
years ago. the seas were home id an abun- 
dance of species, per taps even more than on 
land. But about 1 10 milion years ago. land 
plana wen throujgi a burst of speciatton, so 
didttepollaiaurs. foqgi. and hertavonas aaso- 
cated with them These rebtsmshtps made 
'‘rare" species possible, as p tarns acquired 
help in dispersing their pollen and seeds, 
resulting bi rvb Uveiy k>w population denaaes 
for individual species. Quickly, Uk» numbers 
left marine biodiversity behind The trigger 
for tu s terrestrial explosion. Grosberg and 
Yfermaj say. was tie evoktlon of a irxitv e IFi 
c Kit way at which bnl pbntsuse water 

“This a an esceleni and ttoqghifol paper 
addressing an issue ai bodiversity that hat 
rarely been tackled," says Mxhad Benton. a 
paleontologist * the Ura verst y of Bn»%>! in 
the United Kingdom. Jeremy Jackson, a 
manne ecologist at the Scnpps Irallulion of 
Oceanography in San Ltego.l abfooaa. calk 
it “a very bfg-pklure paper . . Ith tie knd of 
paper that you think about forever." 

A physical phenomenon? 

Grosberg started tinting about tiese issues 
when he was preparing a tenesof talks fit the 
200ti mover ary of Charles I>arw in's birth. 
“Tome, tie interesting quest x>n a why are 
there so many fewer gpecies in tie sea then on 
the bnl" saya Gtodierg. 

The difference is ankirg In 1994. Robert 
May of tie University of Oxford at tie Unted 
Kingifom ci included tut R5S of the world's 
macroscopic species lived on land, based on 
the exiaaig record of tpeciei across tie globe 
A 2009 sltdyby Benton fouul bndktbbenlo 
be even more a>mmon.accointtng for 95*. to 
9t*s of tie world! muilicvlbd species. “Bilh 
recognized lint tie estimates were halpari*, 
siirgih because we don't actualy know how 


*Th* Soc*% tor int^ratvc and Compratx* twiggy 
J to / pruuy tn fe4U*.TV40nngtor 
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Vein pattern development in adult leaves 
of Arabidopsis thaliana 


Kang J & Dengler N, Int J Plant Sci 165:231(2004) 

See also Candela H et al, ‘Venation Pattern Formation in Arabidopsis thaliana Vegetative Leaves', Developmental Biology 205:205(1999) 


VESGEN 


Research Tool for Mapping and Quantification of Vascular Branching Pattern 

in Genetically Engineered A. thalia on ISS 


Vascular Pattern Grouping of Generations: 

by Branching Generation LARGE and SMALL 



Avascular Spaces 

of Branching Networks Results Conclusions 



Fractal Dimension Less mature 

D f = 1,32 branching 

Area, Length, 

Branchpoint Densities 
A v (Large) = 0.195 

A v (small)= 0.013 
Average Vessel 
Diameter (pm) 

D v (large)= 11.8 pm 

D v (small) = 7.0 pm 



D f = 1.47 

A v (Large) = 0.159 
A v (small) = 0.276 

D v (large) = 93.1 pm 
D v (small) = 66.8 pm 


Increased 

vascular 

complexity- 

especially 
density of 
smaller 
vessels 
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Parsons et al, Microvascular Research 1 67(1 ):1 93-211 (2005) 
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Mouse Retina 


VASCULAR NETWORKS IN TRANSGENIC MOUSE RETINA 




Fluorescence 

Microscopy 


VESGEN Network Output 
Distance Mapping Colorized Skeleton 


distance 

(pixels) 

10 I 


distance 

(pixels) 
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with J Sears & Q Ebrahem (Cole Eye Institute), from Vickerman et al, Anatomical Record A 292(3), 2009 
VESGEN Patent Pending 




CORONARY VESSEL NETWORK-TO-TREE TRANSITIONS 



Vickerman et al, VESGEN Review, Anatomical Record A 292(3), 2009 







